This analysis examines the relationship between nonrenewable resource dependence, economic growth and income inequality. It uses a two-equation system in which the Gini index and GDP per capita are the dependent variables and the stock of nonrenewable resources as a share of national wealth-i.e. resource dependence-is the independent variable. Using a dataset that includes information on 43 countries from 1980 to 2012, this paper estimates several model specifications in order to check the robustness of the results under different assumptions and to account for income-group-related heterogeneity among countries. The baseline model provides strong evidence that natural resource dependence is negatively correlated with both per capita GDP and the Gini index; in other words, resource dependence is associated with lower income levels, but also with a more equal distribution of income. Interestingly, however, after controlling for country income group, the sign and magnitude of these relationships appear to become dependent on national-level structural characteristics. Among higher-income countries, greater nonrenewable natural resource dependence is associated with lower income inequality, while there is no statistically significant correlation with GDP per capita. Among the lower-income group, greater dependence on nonrenewable natural resources is associated with both higher levels of income inequality and lower per capita GDP. Further analysis focusing on a subsample of nonrenewable resource rich countries confirms these findings.
Introduction and Literature Review
A large body of literature has examined the relationship between natural resources, economic growth, and income inequality, revealing a set of complex and often ambiguous associations. The relationship between natural resources and economic growth is especially controversial. On the one hand, general economic theory suggests that a booming natural resource sector will boost economic growth, and that it will facilitatethough not necessarily cause-improvements in poverty and shared-prosperity indicators. Ideally, rising natural resource output would increase public revenues, enabling greater public investment in physical and human capital, while the private returns to resource production would encourage greater private investment (both domestic and external), as well as higher rates of household savings. On the other hand, the substantial literature on the so-called "Dutch disease" finds that a resources boom can divert resources away from the non-resource tradable sectors (especially manufacturing), distort the growth of nontradables (especially services), and put upward pressure on the exchange rate. These effects erode the competitiveness of exports and give imports an advantage over domestic production, undermining long-term growth (Sachs and Warner 1999) .
The World Bank (2012) analyzed the impact of natural capital 4 on income by examining the adjusted net savings of resource-rich countries. It found that the sustainable management of natural resources has a positive and significant correlation with economic resilience and welfare gains. The World Bank analysis underscored that the elements of natural capital cannot be managed in isolation, but require an integrated approach to "regulating" and "provisioning" natural resource exploitation in order to preserve the underlying stock of natural capital.
Other studies have focused on the depletion of natural resources. Dasgupta (2010) concludes that GDP per capita and the Human Development Index (HDI) should not be regarded as comprehensive indicators of economic and social welfare, as they do not reflect the depletion of the natural capital stock, and that more sophisticated forms of wealth accounting that include produced, human and natural capital are more appropriate measures of inclusive and sustainable development. The World Bank has long been a major advocate for integrating the sustainable management of natural capital into growth strategies. Cleveland et al. (1996) analyzed the relationship between natural capital, ecosystem services and economic growth, highlighting that economic growth models tend not to account for either the degradation of critical, non-replaceable ecosystem services or the depletion of natural capital. The study concludes that these elements should be taken into account in future analyses of the link between natural capital and growth.
In recent years increased attention to the issue of income inequality has added a new dimension to the debate over the role of the depletion of natural capital in economic growth and development. Barbier (2014) argues that understanding the depletion of natural capital is crucial to assessing both the extent to which natural capital will contribute to future economic growth and the pace at which inequality has increased over time. According to Barbier (2015) , environmental degradation and the widening gap between the world's rich and poor are symptomatic of gradually intensifying structural imbalances in how natural capital is used to create economic wealth and how that wealth is distributed. On the one hand, natural capital is undervalued and thus overexploited, while on the other hand the human capital stock is insufficient to meet demand, which drives rising income inequality. This structural imbalance between natural and human capital creates obstacles to innovation, growth and prosperity. Gill et al. (2014) focus on the use of natural resources in Eurasia, demonstrating that the region has benefited from its natural wealth through rising income levels and improvements in living standards. Inequality, however, has also increased over time and across countries, yet it remains lower than in most parts of the developing world, especially Latin America. Alessandrini and Buccellato (2009) find a significant positive relationship between income inequality and economic dependence on natural resources. This link is especially strong for mining commodities and exports that are not used in domestic value chains. These conditions are associated with a dramatic increase in household-level inequality, since only a few households typically control resource revenues. Fum and Hodler (2010) focus on the political-economy aspects of resource management and income inequality. They present empirical evidence that ethnic polarization increases the probability that a large stock of natural resources will correlate with inequality. Bourguignon and Morrisson (1990) find that mineral resource endowments, rather than other variables such as GDP, are an important determinant of the income distribution. Taking a microeconomic perspective, Loayza, Teran and Rigolini (2013) find strong evidence of spatially dependent inequality outcomes. Households located in physical proximity to mining districts in Peru tend to experience the largest gains in living standards, consumptions and literacy, while consumption inequality increases in all districts of a resource-producing province.
Although many empirical studies have investigated the link between natural capital, growth and inequality, very limited research is available on how all three factors interact. Moreover, much of the existing literature on the subject fails to adequately account for the role of wealth stocks. A thorough review of the literature would seem to indicate that the quantitative relationship between the exploitation of natural resources, economic growth and income inequality has been studied only by Gylfason and Zoega (2002) and Alessandrini and Buccellato (2009) .
The following analysis tests the existence of a relationship between the dependence on nonrenewable natural resources (hereafter dependence) and per capita income and income inequality. The analysis is conducted in the spirit of Sachs and Warner (1995; 2001) and uses panel data for 43 countries for which data is available from 1980 to 2012 to examine, under different specifications, a system of two equations in which the dependent variables are per capita GDP and the Gini index and the independent variable is the dependence on nonrenewable natural resources. While Gylfason and Zoega (2002) and Alessandrini and Buccellato (2009) use a recursive model and focus on crosssectional data, this analysis attempts to account for the endogeneity problem generated by feedback effects across variables and control for the presence of unobserved country heterogeneity.
The empirical results from the baseline model provide evidence of a negative association between resource dependence and GDP per capita, which is consistent with the existing literature on the Dutch disease effect. However, the empirical evidence shows that Dutch disease is not consistent or inevitable, as it is influenced by the institutional heterogeneity across countries (Bunte 2011) . For example, a given country's institutional framework and the relative effectiveness of its policy interventions can either mitigate or magnify the effect on income distribution. The intensity of Dutch disease effects depends in large part on whether and how natural resource revenues are used to promote social equity through investment in human capital, public goods and services, and targeted poverty-reduction programs.
Robust public investment and redistributive fiscal policies could more than compensate for the increase in income inequality due to the inter-sectorial wage differential caused from the reallocation of the workers, as the resource sector develops. In order to explore the implications of the national policy framework, an analytical specification was devised to account for the heterogeneity of country income groups. This specification uses a dummy variable to assess the correlation between resource dependence, economic growth and income inequality among both lower-income countries and higher-income countries. The findings show that among higher-income countries a greater degree of resource dependence is associated with an improvement in the income distribution and has no statistically significant correlation with economic growth. Conversely, greater resource dependence among lower-income countries is associated with widening income inequality and lower economic growth.
These findings imply that the relationship between natural resource dependence and economic growth and income inequality hinges on a given country's income level. Replicating the analysis on a subsample of resource-rich countries confirms the robustness of these findings. The findings are also consistent with previous studies that have argued that the "resource curse" is not caused by natural resource endowments per se, but rather by country-level characteristics such as the quality of natural resource management or the nature of the fiscal policies financed by resource revenues (see, e.g. Gylfason, 2001; Robinson, Torvik, and Verdier 2006) .
Following this introductory section, the paper is structured as follows: Section 2 describes the study's methodology and clarifies the empirical strategy for obtaining consistent parameter estimates under the specific assumptions imposed on the model; Section 3 discusses the dataset constructed for this analysis and provides some descriptive statistics; Section 4 presents the results of the analysis; and Section 5 draws policy implications and conclusions.
METHODOLOGY
This study uses a broad set of specifications and estimation techniques to explore the relationship between nonrenewable resource dependence and income inequality and economic growth. As the observed results are comparable with previous studies, it is necessary to add further controls and assumptions to the model. Moreover, adding further controls and altering certain assumptions enables a more comprehensive evaluation of the overall robustness of the results and enriches the analysis by considering changes in magnitude and the significance of the estimated coefficients on the dependent variable.
The baseline model is a system of two equations that does not consider the heterogeneity among groups of countries. Both a recursive model and a non-recursive model are estimated. The recursive model is based on the existing literature and innovates it, by exploiting the panel structure of the database to control for the presence of unobservable country-level heterogeneity, as in Equation 1:
where the two dependent variables are the country's GINI index and its GDP per capita, NKD is its nonrenewable resources dependence index, X and Y are two vectors of control variables, represents the country time invariant unobservable effect, and 1 and 2 are the equation error terms.
Assuming that the error terms in the two equations are not correlated, each equation is estimated separately using a fixed-effect estimator (FE). 5 However, relaxing this assumption by allowing for a correlation among the equation's error terms and making a simultaneous estimate of the two equations via a seemingly unrelated regression estimator (SURE) increases the efficiency of the results. This non-recursive model accounts for the endogeneity problem arising from feedback effects across equations in a panel environment. Consequently, the dependent variable in Equation 1 is an independent variable in Equation 2:
where a consistent estimate of the model relies on a set of instrumental variables (IV) that are correlated with the endogenous variable but are correctly excluded (as exogenous) from the main equation.
Again assuming that the error terms of the two equations are not correlated, an instrumental variable fixed-effect estimator (IVFE) consistently estimates each equation separately while accounting for both the endogeneity issues and the unobservable heterogeneity across countries. 6 Finally, allowing for a correlation between the equation's error terms using a Three Stage Least Square estimator (3SLS), 7 which estimates the coefficient of the two equations simultaneously, further increases the efficiency of the estimates.
The same estimation procedure is applied to the subsequent model specifications, and for the sake of brevity each equation is not formalized. The second model specification accounts for heterogeneity related to country income group by adding a dummy variable to each equation that identifies lower-income countries. The interaction of this variable with the nonrenewable resource dependence index distinguishes the results for higherincome and lower-income countries. Finally, a third model specification is restricted to a subsample of non-renewable resources rich countries.
DATA
The dataset comprises 43 countries from five continents and covers the period from 1980 to 2012. It includes all countries for which complete data on nonrenewable resources are available and nonzero. Using the World Bank classification system, the information contained in the dataset can be divided into four groups, as shown in Table 1 : 13 highincome countries, 14 upper-middle-income countries, 12 lower-middle-income countries and 4 low-income countries. Figure 1 illustrates the geographic coverage of the dataset. The countries included on our dataset are: Algeria, Argentina, Australia, Bolivia, Botswana, Brazil, Bulgaria, Cameroon, Canada, Chile, China, Colombia, Democratic Republic of Congo, Ecuador, Egypt, France, Gabon, Ghana, Greece, India, Indonesia, Ireland, Italy, Japan, Republic of Korea, Malaysia, Mexico, Mongolia, Morocco, Mozambique, New Zealand, Norway, Peru, Philippines, South Africa, Spain, Thailand, Tunisia, Turkey, United Kingdom, United States, Venezuela and Zimbabwe. Data on natural capital is sourced from a World Bank dataset on national wealth. The dataset disaggregates the three components of national wealth-produced capital, intangible capital and natural capital-and it decomposes the natural wealth stock into renewable and nonrenewable resources.
This analysis focuses on nonrenewable resources due to the methodological soundness of their estimation. Current techniques for estimating the stock of renewable resources are limited, and their core methodological assumptions may compromise the reliability of the data. The literature uses two different methods for defining the economic importance of nonrenewable resources: "resource abundance," which is the per capita value of the stock of nonrenewable resources, and "resource dependence," which is the value of nonrenewable resources as a share of total national wealth. As noted by Gylfason and Zoega (2002) , resource dependence is a measure of the current economic relevance of natural resources, while resource abundance reflects the estimated value of the natural resource stock.
Examining the distribution of resource dependence and abundance across countries at different stages of development reveals that the two measures do not evolve according to the same pattern. Table 2 shows that average resource dependence is least prevalent among high-income countries (2.1 percent), most prevalent among upper-middle-income countries (15.1 percent) and moderate among both lower-middle-income countries (8.3 percent) and low-income countries (10.8 percent). Meanwhile, resource abundance is also most prevalent among upper-middle-income countries but is more common among high-income countries than it is among lower-middle-income and low-income countries. This is likely due to high-income countries having larger stocks of produced and intangible capital, which offset the economic importance of natural resources. This analysis focuses on resource dependence rather than resource abundance, as the former is more immediately relevant to economic growth and income inequality. The data on income inequality is sourced from the World Bank's "All-the-Ginis Database," which was last updated in 2014. 8 The database collects Gini indexes from multiple sources into long time series. The data has been standardized for this analysis via the so-called "choice-by-precedence approach," which reflects each dataset's reliability, degree of variable standardization, and consistency of geographical coverage. GDP and population figures have been collected from the United Nation's UNCTAD-STAT database. Table 2 presents the descriptive statistics for per capita GDP and the Gini index by country income group. The Gini index peaks among the upper-middle-income group, falls among the lower-middle-income and low-income groups and is lowest among the high-income group. These data are consistent with the relationship between inequality and GDP described by Kuznets (1955) . The data for control variables was collected from different sources. Data on the structural and cyclical characteristics of national economies comes from the World Bank's World Development Indicator Database 9 and UNCTAD-STAT; 10 the figures on education are sourced from Barro & Lee (2013) ; 11 those on the real effective exchange rate (REER) are taken from Darvas (2012) ; 12 and metal-and oil-price figures are sourced from the IMF's Primary Commodity Prices database. 13 Referring to the original datasets will provide further details on the methodology and sources used. Table 4 shows income-level-related heterogeneity across countries for the specified variables. Finally, to introduce the empirical analysis Table 5 summarizes the pairwise correlations between the most relevant variables. As shown in the table, resource dependence is positively associated with the Gini index and negatively associated with GDP per capita at a significance level greater than 1 percent. In other words, the simple correlations show that the more dependent a country is on nonrenewable resources, the higher its Gini coefficient and the lower its GDP per capita. 14 Education ratio is the ratio between the share of the population with secondary and tertiary education and the share of population with primary or no education.
EMPIRICAL ANALYSIS
This section summarizes the results of the analytical methodology described above. The specifications and the estimation techniques have been systematically adapted according to the different assumptions characterizing each model. The baseline model estimates the average empirical associations for all the countries included in the dataset, and is then adjusted to assess heterogeneity between country income groups. Finally, the model was tested on a sub-sample of resource-rich countries 15 , with a view to test the robustness of the empirical association.
4.1
The Baseline Model: Pooling All Countries Table 6 presents the results from the recursive baseline model. The two equations have been estimated separately using a fixed-effect estimator and simultaneously using SURE plus country-level dummy variables. We find that, on average, nonrenewable resource dependence is negatively associated with both income inequality and GDP per capita. In the simultaneous estimation both coefficients increased because of the correlation between the error terms of the two equations. Table 7 shows the results of the non-recursive baseline model specification estimationthat is, the results obtained once the endogeneity related to the feedback effect of including the Gini in the GDP equation, and vice versa, has been accounted for. The estimation results confirm the previous findings from the recursive model, though the magnitude of the coefficient generally increases after the feedback effect has been taken into account. Overall, these results indicate that a positive variation in the dependencies is empirically associated with a negative variation in both GDP per capita and the Gini index. In other words, resource dependence is associated with lower levels of GDP per capita, but also with lower income inequality. These results are consistent with the literature on Dutch disease, which explains them as an effect of the diversion of labor and capital from the industrial sector to the natural resource sector, combined with the negative effect of real exchange-rate appreciation on the tradable sector. However, the model's findings suggest that, on average, the inter-sectoral shift in labor patterns-which affects the distribution of income through rising wage differentials between sectors-is offset by the investment of additional fiscal revenue in pro-poor policy interventions. The literature highlights that the sign of the relationship between resource dependence and inequality is likely to depend on each country's institutional framework and the quality of its policy interventions. These factors determine whether-and how-natural resource revenues support rising productivity and consumption among lower-income households. The model's findings suggest that, on the whole, policies designed to promote shared prosperity more than offset the increase in inequality caused by the inter-sectoral wage differential.
However, pooling such a heterogeneous mix of countries may undermine the reliability of the model's conclusions. The next section explores the issue of country-level heterogeneity by adding dummy variables to the baseline specification. The objective is to disentangle the influence of specific countries or groups of countries by disaggregating the dataset based on a likely explanatory variable, which in this case is country income level.
Controlling for Heterogeneity between Income Groups
The model specification presented below attempts to differentiate the impact of resource dependence on higher-and lower-income countries. The model has been adjusted to include a dummy variable equal to 1 for low-and lower-middle-income countries and to 0 for high-and upper-middle-income countries. Within this framework, the coefficient associated with the interaction variable will measure the association between resource dependence, GDP per capita and the Gini index among lower-income countries, while the coefficient associated with the non-interaction variables permits to isolate the average relationship for higher-income countries. Table 8 summarizes the results obtained from the recursive model. The results show that higher levels of resource dependence are associated with lower levels of income inequality among countries in the higher-income group, with no negative effect on GDP per capita. Conversely, higher levels of resource dependence are associated with greater income inequality and lower GDP per capita in lower-income countries. Again, the estimated results of the non-recursive model, summarized in Table 9 , confirm those of the recursive model. Accounting for the heterogeneity between country income groups yields a very different picture than that shown in the baseline models. From a methodological perspective, this heterogeneity affirms the importance of considering structural differences between countries at different stages of development. From a macroeconomic perspective, it lends credibility to the idea that the "resource curse" is a function of country-level structural characteristics, such as the management of natural resources rents, the sophistication of public financial management systems and the impartiality of policy processes.
Analyzing a Subsample of Resource-Rich Countries
The model presented below focuses on a subset of countries defined as nonrenewable resource rich according to the IMF's 2013 Resource Governance Index Report. 16 The full sample included countries in which nonrenewable natural resources played a relatively modest economic role. Excluding these countries can shed light on the possibility that the empirical associations between resource dependence and the Gini index and GDP per capita are affected by the relative economic importance of natural resources. Focusing on a subsample of resource-rich countries also tests the robustness of the estimated relationships by reducing the original sample by one-third 17 . Based on the IMF classification of resource-rich countries (see note 16), thirteen countries are dropped from our original dataset: Argentina, Bulgaria, France, Greece, Ireland, Italy, Japan, Republic of Korea, New Zealand, Spain, Thailand, Tunisia, and Turkey. The resulting sub-group thus comprises the remaining 30 countries. According to the IMF report, "nations [rich in nonrenewable natural resources] produce 85% of the world's petroleum, 90% of its diamonds and 80% of its copper, generating trillions of dollars in annual profits." Table 11 summarizes the empirical results of the recursive model estimated for the subsample of resource-rich countries. These figures confirm the results of the full-sample model. The magnitude of the coefficient, as expected, slightly increases relative to the full-sample model, but the sign of the associations and their economic implications remain unchanged. These findings are further confirmed and indeed reinforced in the non-recursive model results summarized in Table 12 . In this case, resource dependence among higher-income countries is positively associated with GDP per capita, suggesting that in wealthier countries natural resources are a blessing rather than a curse. In fact, greater resource dependence in higher-income countries is associated with lower levels of income inequality and greater GDP per capita. However, the opposite is true for lower-income countries, in which an increase in resource dependence is associated with higher rates of income inequality and lower GDP per capita. The subsample analysis appears to confirm the robustness of the full-sample results. Restricting the analysis to resource-rich countries also supports the conclusion that the impact of resource dependence on income inequality and economic growth is determined by country-level characteristics that affect the management of natural resources. The overall conclusions of the analysis are presented in the following section.
CONCLUSIONS
This study was designed to investigate the empirical relationships between dependence on nonrenewable natural resources and income inequality and economic growth. The baseline model was recursive, with a fixed-effect estimator. It regarded GDP per capita and the Gini index as dependent variables. A non-recursive model was then used to address the endogeneity problem arising from the feedback effects across equations in a panel environment, which included a set of instrumental variables and an instrumental variable fixed-effect estimator. Finally, two previous models were estimated jointly by accounting for the potential correlation among the error terms of the equations via the use of a seemingly unrelated regression estimator (SURE) for the first model, and a threestage least square estimator (3SLS) for the second.
The results of the baseline model showed that an increase in resource dependence is associated with lower GDP per capita but a more equal income distribution. A subsequent specification tried to address the problem of heterogeneity between countries at different income levels, since the descriptive statistics clearly pointed to substantial variations between country income groups. Controlling for the heterogeneity between higher-and lower-income countries reveals dramatically different effects for each of these two groups. Among higher-income countries resource dependence is associated with lower levels of income inequality, and there is no statistically significant correlation between resource dependence and GDP per capita. However, among lower-income countries greater resource dependence is associated with greater income inequality and lower per capita GDP.
A third specification restricted the analysis to a subsample of resource-rich countries, which included about two-thirds of the countries included in the original full sample. The objective of this third specification was to increase the robustness of the findings by accounting for the unequal distribution of natural resources across countries. Its results largely corroborate those of the other models. Moreover, the non-recursive model estimation reveals a positive association between resource dependence and GDP per capita among resource-rich higher-income countries, further supporting the idea that whether natural resources are a blessing or a curse depends on each country's specific political-economic and public administrative characteristics.
Taken together, these findings point to a number of important policy implications. While resource dependence initially appears to correlate with lower per capita income, this association is nullified or even reversed among high-income countries. One prospective explanation for this finding is that wealthier countries are systematically more likely to manage resource revenues effectively, and that they are more capable of mitigating their exposure to the inherent multidimensional volatility of the resource sector. By contrast, poorer countries are more likely to experience boom-and-bust economic cycles driven by unmediated external shocks and pro-cyclical expenditure policies, and due to weaker public financial and administrative systems, they may be less able to use resource revenues to promote broad-based improvements in productivity. These findings appear to confirm the results of previous analyses, and they further underscore the importance of both reinforcing macroeconomic resilience and investing resource revenues in physical and human capital in order to facilitate the growth of the non-resource economy.
Fiscal stabilization and public expenditure policies involve complex issues that extend well beyond the scope of this paper. However, the heterogeneous results obtained by distinguishing between higher-and lower-income countries strongly suggest that the policy framework plays a decisive role in determining whether natural resources are a blessing or a curse.
The fact that, within our group of "lower income" countries, the positive relationship between dependence and income polarization is so strong (contrary to what this analysis finds in the higher income group) speaks volumes about the governance problems of most natural resource rich developing countries. These findings reaffirm the critical importance of effectively managing resource revenues in order to build a more prosperous and equitable economy.
